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COMPTROUER GENERAL OF THE UNWfZO !3TAw 

WASHINGTON. D c zrxw~ 

B-179768 

.: I . ’ 'The Honorable Bill Archer, House of Representatives 
The Honorable Y. Caldwell Butler, Louse of Representatives 
The Honorable George A. Goodling, House of Representatives 
The Honorable James F, Hastings, House of Reoresentatives 

'+&:-The Honorable G, V. Montgomery, iiouse of Representatives 
‘The Honorable Steven D. Symms, House of Reoresentatives 

The Ronorable Joe D. Waagoner, House of Representatives 
The Honorable Antonio Borja Won Pat, Rouse of Representatives 

Gentlezien: 

In accordance with your September 24, 1973, request 
and subsequent discussions with your offices, we are re- 
porting on 

I --the Occupational Safety and Health Administra- h$*" 
tion's (OSHA's) basis for issuinq an emergency 
temporary standard for 14 chemicals considered 
to be carcinogens, particularly EiUCA--a trade name 
used by E. I. du Pont de Memours and Company for 
the chemical 4,4'-&ethylene-bisf2-chloroaniline), 

--the adequacy of safequards provided by the Occuga- 
tional Safety and Health Act cf 1970 to protect 
the individual's right of due process after a 
standard has been promulaated, 

--our evaluation of OSHA's decision relatinq to 
issuinq the standard, and 

--the possible waste of public funds if OSHA lacked 
sufficient data to support the issuance of the 
standard. 

As agreed with your offices, we are preparinq a 
separate report on OSHA's issuance of an emersency temoo- 
rary standard on pesticides, which we expect to issue 
shortly. 

Appendixes II, III, and IV were copied directly 
froa OSHA or National Institute for Occupational Safety 
and Health (NIOSfi) documents and should not be considered 
as our views or as facts we developed. 
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ide interviewed OZhA officials. reviewed GSHA f 6 Les 
and records relatinq to issuing the standard, and con- 
sidered the adequacy of safequa K::S PrOVided by the OCCU- 
pational Safety and Health Act of 1970 to protect the 
individual’s rlqht of due process. We also interviewed 
officials of llIGSk reqardinq their role in issuing the 
standard. 

As requested, we did not obtain formal GSHA COP 
ments. The reoort contents, however, were discussed with 
OStiA officials and their comments were considered in Fre- 
parinq the retort, 

We do not plan to distribute this report further zrnless 
any of you aqree or publicly announce its contents. 

Sincerely yours, 

Comptroller General 
of the United States 
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ANSN!RS TC) CUESTIOI:S OX WE ISSUAXCE Or' 

CERTAIN CXEXiCALS CO:ZSIDERED TO RF: 

INTRODUCTION 

In December 1970 the Congress cnccted the Occupaticnal 
Safety and Health Act of 1970 !29 C.S.C. 651). one reason 
for this 1cgisla:ion was concern ahoLt occ:pationa; expsure 
to carclnoyens. 

Section G(c) (I) of the act states that the Secretary of 
Labor skail provide, without regard to the requirements of 
chapter 5, title 5, of the United States Code (administra- 
tive procedures), for an emcrgc:ncy temporary standard to 
take iIZiZ&iatc efieC"i upon publicatron in the Federal 
Register if he determines that 

--eziployze s are exposed to grave f:anger from s.utstances 
or agents dctcrmined to be toxic or physically harn- 
ful or from new hazards and 

--such a stanaard is necessary t.\ protect employees 
from the dxger. 

On Slay 3, 1973. an emergeccy temprary standard to 
regulate employee rxpsure to 14 chemicals considered to be 
carcinogens was published in the Federal Register. The 
standard was revised on July 27, 1573, to provide more 
definitive controls for workplaces and work operations and 
to require more explicit warning signs and container labels. 
The events before t?lis standard was issued arc summarized as 
follows. 

On Xay 23, 1972, the 0cccpatio:lal Safety and Health 
A&ministration (OStW) requested the National Institute for 
Occupational Safety, and Health (1GIOSR) to obtain information 
on nine chemicals alleged to be carcinogenic. NIOSH, in a 
preliminary report to OSHA on July 14, 1972, lists-d 15 sub- 
stances as chemical carcinogens, which included the 9 iden- 
tified cn OSHA's request, and reccmnended that a permit 
system to control carcinogens in the \<orkplace be considered. 
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S.iCh a systen VJould have required each emplc-er that manu- 
f;!ctured, distributed, or operated a process involving any 
of the chemicals to apply to OSHA for a use permit based on 
the safeguards to be used by the employer to protect the 
workers. 

The 15 substances on the NICE:? list were (1) 2-Acety- 
laminofluorene. (2) 4-Aminodishenyl, (3) snzidine (and its 
salts), (4) 3,3'-Dichlorobenzidine !and its salts), (5) 
&Dinethylaminoazobene, (6) alpha-Naphthylamine, (7) beta- 
:C:iphttylamine , (8) 4-Nitrobiphenyl, (9.) N-Bitrosodimethy- 
la.mine , (10) beta-Propiolactone, (11) bis-Chloromefhyl ether, 
(12) ?&ethyl Chloromethyl ether, (131 4,4'-Xethylene-bis (2- 
zhloroanilinc), (14) Ethyleneimine. and (15) Dimethyl Sulfate. 

On December 29, 1972, the Health Research Group and the 
3il, Chemical, and Atcnic Workers International Union -peti- 
tioned OSRA to establish an emergency temporary standard 
regulatir-q exposure of employees to 10 substances alleged 
to be c;:cinogens. On February 9, 1973, CSHA published a 
notice of receipt of the petition in the Federal Register 
and requested interested persons to comment on the petition 
before $1arch 11, 1973. CSlLi received written sorr;nents from 
.:bout 50 manufacturers, trade associations, labor unions, 
!-edical research laboratories, and other interested parties. 

OR April 26, 1973, the Assistant Secretary for Qccupa- 
tional Safety and Health determined that 

-14 of the 15 chemicals (Dime -thy1 Sulfate was deleted 
because of questionable evidence) were toxic and 
physically harmful, 

--exposure to any of the 14 chemicals wsed a grave 
danger to cmp?oyecs, 

--employees were te'ng exposed to the substances, and 5 
i 

--an emergency temporary standard was necessary to 
protect then. 

According to C.&IA officials, OSE?? preferred a uniform 
work practice standard over the use-permit system recon- 
rpnded by NIOSH because (1) there were some unresolved 
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questions on whc‘rhcr the act would have permitted 0%~ to 
adopt a use-permit systcrz instead of a uniform work practice 
standard, (2) implementing a use-permit system would have 
required OSHA to evaluate man: different applications on a 
else-by-case basis, possibly causing serious administrative 
problems, and (3) OSHA wanted to alvoid any legal or adxinis- 
trative problems or delays in protecting workers from the 
substances. 

SCIENTIFIC AND ECONOMIC DATA SUPPORTIKG TIIE 
ISSLJ.ANCE OF THX SI'AKDARD 

NIOSH's initial report to OSHA in July 1972 implicated 
each of the 14 chemicals as a carcinogen. Before the emer- 
gency temporary standard was issued, NIOSH made available to 
OSHA additional inf ormaticn on these 14 chemicals; this in- 
formation was formalized and subsequently transmitted to 
OSHA as "hazard reviews." 

These “hazard reviews, ” which are summaries of avail- 
able scientific literature, show that each of the 14 chemi- 
cals has produced tumors in two or more different species 
of animals, indicating a potential carcinogenic nature. 
(See app. II for OSHA's summary of the NIOSH hazard reviews.) 

Also OSHA prepared an cnv:rzxr.entai impact staterr,ent on 
the standard which states that 6 of the 14 chemicals have 
been proven through epidemiological studies to be carcino- 
genic to humans. 

The problems of entironmental exposures to chemical 
agents and the scientific criteria for evaluating carcino- 
genic hazards were discussed in an April 1970 report to the 
Surgeon General By the Ad Hoc Committee on the Evaluation 
of Low Levels of Environmental Chemical Carcinogens. In 
part, the repcart states (1) "Any substance Which is shown 
conclusively to cause tumors in animals should be considered 
carcinogenic and therefore a potential cancer hazard for 
man" and (2) "No level of exposure to a chemical carcinogen 
should be considered toxicologically insignificant for man. 
For carcinogenic agents 'a safe level for man' cannot be 
established by application of our present knowledge." 
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In response to our request, the Director of OSBA's 
Office of Standards provided the following statement regard- 
ing the medical, technical, and economic data used to justify 
issuing the temporary standard on carcinogens. 

"Both emergency standards [carcinogen and pesticide1 
were promulgated pursuant to Section 6(c) of the 0% 
Act without substantial technical or economic data. 
In each instant [sic] it was determined that employees 
were exposed to grave danger and that the standards 
were necessary to protect ernployees. 

"The extent of danger from exposure to carcinogens and 
pesticides rc:mains unknown. For carcinogens, medical 
science has not determined dose-response relationships, 
possible latency periods or metabolites for certain of 
these substances including MOCA. Each of the carcino- 
gens have been demonstrated to produce cancer in two or 
more different species of animals. 1JIOS.Z has advised 
us that exposure of humans to such substances poses a 
risk that such exposure will produce cancer. Public 
hearings (held after the issuance of the emergency 
temporary standard) have failed to produce clinically 
significant evidence that a latent carcinogenic danger 
does not exist for each substance covered by the emer- 

gency temporary standard. OSHA concluded that there 
was insufficient medical, technical and economic data 
to justify the risk of continued exposure of workers 
to potentially carcinogenic substances." 

In addition, OSHA's environmental impact statement con- 
tains the following information on the use of the 14 chemi- 
cals aqd on the number of employees and employers affected 
by the standard: 

"Only seven of the carcinogens are currently produced 
in commercial quantities and the remainder are present- 
ly used only for research or appear as contaminants 
of some other chemicals. Most of these latter seven 
were commercially produced at one time, but have fallen 
into non-use since they have been proven to be human 
carcinogens. 
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U* * * approximataly 250 firms with about 1,200 empfoy- 
ees are kno7wn to be affected by the proposed reguia- 
tions. It is estimatcc that the n:lmber of firms is 
closer to 1,700 and the number of employees exposed is 
closer to 12.000, with over 80 percent of these working 
with 4,4'-nethylcne-bis (2-chloroaniline)." 

The effect of many toxic substances on humans is almost 
immediate with readily observable symptoms: however, the 
carcinogenic effect of most cancer-producing agents is not 
dJSE?CVLibiiZ until months or years after exposure. Thoqh it 
is zot yet known -Ahether a single exposure to such substances 
is sufficient to cause cancer, it is known that usually a 
long latency period between the initial exposure and the 
development of cancer occurs. On the basis of animal ex,per- 
iments and epideziological s-:udies available to OSI-fA and the 
criteria provided by the Surgeon General‘s Ad Hoc Committee 
on the Evaluation of Low Leerls of Environmental Chemical 
Carcinogens, all 14 chemicals could be carcinogenic to m;zn. 
We believe that OSXA was justified in initiating action to 
safeguard workers exposed to the 14 chemicals. 

CARCIXOCENICITY OF 4,4 '-METiWLENE-BIS 
fC-CH7,0ROANILILJE)--AZOCA 

MOCA was developed in the early 1950s as the best of 
several chemicals which could be used to manufacture elasto- 
meric articles. Elastomers are synthetic rubber or plastic 
substances having some of the properties of natural rubber. 
Large-scale com;r;ercial production began about 1962. IfcxA 
has since become a commercially important curing agent. 
{See aps. III for selected extracts on MOCA taken from 

GSIfA's environmental impact statement.) 

The aniGa1 experimentation data on MXA indicates its 
potential carcinogenic nature. For example, the NIOSH 
hazard review on COCA states that the results of the studies 
involving rats and mice as reported by three independent 
groups of investigators clearly demonstrate an active onco- 
genie (tending to cause tumors) role for MOCA. The review 
further states that the absence of definitive industrial 
experience and the positive findings in two animal studies 
by three independent investigators preclude the elimination 
of .WCA as a human carcinogen- 



In these tw? studies, tumors developed not only in the 
liver but in the lungs. The NIOSH hazard review states 
that this finding appears significant since the rat is not 
particularly sensitive to lung cancer. (See app. IV for 
NIOSH'S hazard review on MOCA.1 

Cn the basis of the animal evidence crted by NIOSH and 
the criteria provided by the Ad HOC Corzaittee on the Evalua- 
tion of Low Levels of Environmental Chemical Carcinogens, 
MICA could be carcinogenic to man. 

SAF:;Gi'?X!3.S TC PROTFCT TEE I~~DIVIDUAL'S RIGXT 
OF J>UE PROCESS AFTER PROYULG.ATIOK OF STANDAPDS -- 

The Occupational Safety and Health Act of 1970 includes 
several provisions to safeguard the indivi&al's right of 
due process once a standard has been promulgated. These 
provisions allow (1) any affected employer to apply to the 
Secretary of L&or for a variance from a standard, (2) any 
person adversely affected by P standard to challenge its 
validity by filing a petition with the U,S, court of appeals 
within 60 days after a standard is promulgated, (3) an 
em&loyer to contest a citation or proposed assessment of 
penalty for violating a standard, and (4) any employee or 
employee representative to file a notice witil the Secretary 
challenging the reasonableness of the time fixed in a cita- 
tion for abating a violation. 

Variance from a standard 

Subsection 6(b)(6)(A) of the act states that "any 
employer may apply to the Secretary for a temporary orde: 
granting a variance from a standard or any provision there- 
of promulgated under this section.” A temporary order may 
be qrantc-d to the employer if he cannot comply with a 
standard by its effective date and establishes that (I.) 
professional or technical personnel or materials and equip- 
ment needed to corr.ply with the standard are unavailable or 
necessary construction or alteration of facilities cannot 
be completed, (21 he is ta!rcing all a*Jailable steps to safe- 
guard his employees against the hazard covered by the stan- 
dard, and (3) he has an effective program for complying 
with the standard as quickly as possi‘ole. This subsection 
also states that a temporary order may be granted only after 
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notice has been given to employees and an opportunity pro- 
vided for a hearing: the Secretary may issue one interim 
order until a decision is made cn the basis of the hearing. 

Section 6(d) of the act states that "any affected 
employer may apply to the Secretary for a rule or order for 
a variance from a standard promulgated under this section." 
Such a variance can be granted when an employer can show 
that he does or will provide working conditions as safe and 
healthful as would result if he complied with the standard. 

:s of November 1973, OSHA had received 12 variance 
applications regarding the emergency temporary standard on 
ctircir~3~;ms. An OSHA official stated that 

--the revised emergency temporary standard issued on 
Jrrly 27, 1973, eliminated the need for variances in 
five of the applications and these cases were closed; 

--for two of the remaining variance applications, the 
applicants --Allied Chemical Corporation and Pofyure- 
thane Manufacturers Association--were granted interim 
orders; 

--the five remaining applications were not being 
processed because the emergency temporary st.mdard 
had expired but that action would be taken on these 
applications, if &xecessary, when the permanent stun- 
dard on carcinogens was issued. 

Petit'lon for iudicial review 

Section 6(f) of the act states that any person who may 
be adversely affected by a standard issued under section 6 
may at any time before the 60th day after such standard is 
promulgatefi file a petition challenging the validity of the 
standard with a U.S. court of appeals. 

Several interested partios filed petitions in May and 
June 1973 with the U.S. Court of Appeals for the Third 
Circuit. The petitions challez+ d the inclusion of two sub- 
stances--3,3'-Dichlorobenzidine (GCB) and Ethyleneimine (EI) 
--in the emergency temporary standard for carcinogens. The 
petitioners contended that 
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--the record contained nz substantial evidence showing 
that the use of DCE and EI satisfied the provisions 
of subsection 6(c) (11 of the act as to conditions 
necessary to justify the promulgation of an emergency 
standard, 

--the findings of fact and statement of reasons for the 
standard contained in its preairble were inadequate, 
and 

--the Assistant Secretary violated the National mviron- 
mental Policy Act of 19G9 by failing to prepare an 
enviromental impact statement before issuing ths 

standard. 

The court found tl-, staeenent of reasons in the stan- 
darci's prezble insufficient in two respects: 

1. Tke statement r'alled to set forth the basis for the 
findins that the 14 chemicals listed in the stan- 
dard were carcinogens. To satisfy %bsection 6(e), 
the statement sf,ould have ini9ic;tted which data in 
the record was beicg principally relied on and 
why that data sufficed to show that the substancea 
were ha,rmful and posed a grave danger to exposed 
employees. The court stated that this could have 
been accomplished by a brief statement in the May 
3, 1973, notice that certain scientific data 
(citing the record documents) showed that DCB and 
EI produced cancer in rodents and indicated that 
they were therefore carcinogenic in man. 

2. The statement of reasons failed to explain why 
this standard was "necessary to protect the employ- 
ees from such exposure." The court ,c tated it did 
not mean to say that every procedure must be jus- 
tified as to every substance, type of use, or 
production technique. Tne court read subrrz'; on 

6(e) as requiring at least a general explanation 
of why the procedilres prescribed were chosen in 
light of the recommendations of scientific experts 
ar,d other governmental bodies, the types of indus- 
tlrFa1 practices with these chemicals, and the 
alternative kinds of regulations considered by OSHA, 
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Because of the deficiencies in the statement of reascns, 
the emergency temporary standard was vacated as to IX2 and 
EI. 

An OSHA official informed us that OSHA had the appro- 
priate documentation on these two substances, but it was not 
properly set forth in the preamble to the standard. 

Regarding the preparation of an envkonmental impact 
stater?.ent, the court stated that, though the National Envi- 
ronmental Policy Act (KZPA) reqr;irement applies to ordinary 
standards promulgated under the Occupational Safety and 
Health Act, an exception should be made for the emergency 
temporary standard involved in this case. The court also 
concluded that, when OSHA issues a draft environmental im- 
pact statement within a reasonable time after issuing such 
a standard, the requirements of NEPA are satisfied. 

Contestinq a citation, a proposed assessnent 
of penaltv, or an tiatement period to t?e 
Cccupaticnal Safetv and Health 
Review Cox;iission 

In carrying cut its enforcement activities, OSRA issues 
citations to employers and determines penalties to be im- 
&posed. The citations must be in writing; describe the 
nature of the violation: and specify what rule,. standard, or 
order has allegedly been violated. The citation must also 
give the employer a reasonable time to currect the violation. 

Section 10(a) of the act provides that an employer may 
contest a citation or proposed assessment of penalty within 
15 working days after receiving it. 

Similarly, employees or employee representatives who 
wish tc challenge the reasonableness of the period specified 
in a citation for correcting a violation must file a notice 
with tne Secretary within 15 working days following the 
issuance of the citation. 

Whenever an employer files an appropriate notice with 
the Secretary, the Occupational Safety md Health Review 
Commission must afford him a hearing. It must also permit 
affected employees to partirlpate in the review proceedings 



whether or not they have filed a notice challenging the per- 
iod allowed to correct a vlolatlon. Similarly, when employees 
filz a timely notice challcngicg the abatement period, the 
C9:mnission must afford tilem a hearing and review, even when 
the employer has not contested t19e citation or penalties. 

GAO 'S EVALUATION OF OSiiA'S 
DECISION TO ISSUE: T)?E S?AND.WD 

We discussed with OSHA officials the basis for their de- 
c';sion to issue an emergency temporary standard on carcinogens. 
They stated that atpailable scientific evidence on the 14 
cycnicals necessitated timely action to protect ex-posed work- 
ers rather than take additional time to complete a criteria 
package to support the promulgation of a permanent standard. 

OSHA's decision to issue a temporary standard was based 
cm (1) the scientific evidence available at that time, (2) 
the criteria provided by the Surgeon General's Ad Rot Com- 
zittce on Low Levci Environmental Carcinogens, (3) the Heal-th 
Research Group and thz Oil, Chemical, and Atomic KV;:Ockers’ 
petition requesting the estabLishme& of a temporary standard, 
and (4) the responses received in regard to the Federal 
Registc; nctice requesting comments on the petition. 

Notwithstanding the court decision to vacate the tem- 
porary standard as to DCB and EI, which was based on its 
findings that OSHA did not appropriately set forth the basis 
for the standard in the preamble, it appears that OSHA's 
decision to issue the standard was reasonable. 

Y?%SSIBLE WASTE OF PGLIC! FUNDS 
IF OSHA LAC:KED SUFFICIEW DATA TO 
S:;PFORT TIE ISSUANCE OF THE STi'&D?.RD - 

Because the data available to OSHA appears to have been 
sufficient to justify issuing the emergency temporary stan- 
dsrd, we did not evaluate the ex-penditure of public funds 
in\*olved. 
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OSHA'S SUXXXtY OF THE 14 NIOSK HAZARD REVIEXS 

(1) 2-Xc~tvl.~~inofl.~orcnc 

Experimental animal investigations involving rats, mice, 
rabbits, dogs, hamsters and fowl have demonstrated the car- 
cino2enicity of 2-Acetylaminoflcorene (2-AAF). Investigations 
into the mechanism whereby 2-Acetylaminofluorene exerts its 
carcinogenic effect have demonstrated that the N-hydroxyiated 
metabolite, IS-hykoxy-Z-AM, was produced in several animal 
-;jmc,cs and \ias lmore carcinogenic than the parent compound. 
z.,r, 1 .t ::~iiorrai Cancer Institute (NCI) demonstrated that humans 
.:lso r.etabo2 ize this substance to the same carcinogenic 
~.~tal~olitc . From these findings, it seems reasonable to 
conclude that 2-AAF, which has been shown to be carcinogenic 
in many animal species, is carcinogenic in man. 

(2) &Aminodinhenvl 

The potential of 4-Aminodiphenyl (4-ADP) to induce 
bladder cancer in humans has been established in epidemio- 
logic studies conducted by Melick et al. and Ross et al. 
Dcicl-.mann & Radomski considered 4-'&P to possess a relative 
carcinogenic potential for the do: G times greater than that 
of beta-NaphtI,ylar~inc, 17 times greater than that of 4-Ni- 
trobiphenyl and 27 times greater than that of Benzidlne. 
In addition, the carcinogenicity of 4-ADP has been well- 
established in the open scientific literature with demon- 
strated potential for malignant tumor induction in rabbits 
and mice. The accumulated experimental and epidemiologic 
evidence have demonstrated GAminodiphenyl may be the most 
hazardous aromatic amine regarding carcinogenic potential. 

(3) Rcnzidinc 

Eenzidine has demonstrated to be carcinogenic in ex- 
perimental animal investigations involving rats, dogs, 
hamsters, and mice. Epidemiologic investigations of worker 
populations exposed Ln Benzidine have clearly demonstrated 
that this substance a 1 its salt; are also carcinogenic in 
humans. 'The incidence of urinary bladder cancer in workers 
exposed tc Eenzidine in these epidemiologic investigations 
greatly exceeded the incidence of this disease in the general 
population. 

11 
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(4) 3,3'-DichloroFbenzidine 

The determination that 3,3'-Dichlorobenzidine (Dill) is 
Lpotcntially carcinogenic for humans rests on the determina- 
tion that DCB has been shown to be carcinogenic in controlled 
animal studies involving rats, mice and hamsters, A clearly 
defined and statistically significant worker population ex- 
posed to DCB only, in either the past or in the present, is 
difficult to ascertain. Existing worker populations have 
been either exposed to other fisted chemical carcinogens in 
their past work ex,perisnce or are presently being exposed to 
other suspect carcinogens in addition to DCB. Therefore, 
the cab for the human carcinogenicity of DCB must rely on 
extrapolation to humans of the most pertinent animal studies 
of oncogenesis. 

The studies by the NC1 concerning the induction of 
tumors, significantly including bladder tumors in hamsters, 
and the studies by Pliss et al. concerning the induction 
of tumors in mice and rats present experimental evidence 
of tumor production in three animal species. 

Although DCB has 'been detected in the urine of workers 
receiving a minimum of ex-posure, the metabolism of this 
substance is unclear, although it probably differs from 
that of other carcinogenic aromatic amines such as Benzi- 
dine and beta- Xaphthylamine. 

(5) 4-Dimethvl&minoazo-benzene 

Numerous.reports concerning carcinogenicity of &Dime- 
thylaminoazobenzene (DAD) in experimental animals have been 
published. This substance was demonstrated to be carcino- 
genic in rats, dogs, neonatal mice and trout. The similarity 
in metabolism of various aromatic amines in dogs and humus, 
emphasizes the importance of the finding that DA6 had been 
demonstrated carcinogenic for dogs. 

(5) alpha-Naphthvlamine 

The contamination of alpha-Naphthylamine (I-NA) by 
beta-Naphthylamine (2-XA) a potent carcinogen, and mixed 
occupational exposures involving l-NA and other aroinatiz 
amines has confounded the epidemiologic conclusion that 
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l-NA is carcinogenic in man. Both 1-NA and L'.-NA are readily 
metabolized to various derivatives, several of which have a 
demonstrated carcinogenic potential in experimental animals. 
The demonstration that a metabclite of I-NA, N-RySroxyl- 
naphthylamine, possessed a greater carcinogenic potential 
than the corresponding 2-NA metabolite, N-Hydroxy-2-naph- 
thyl;Fnine, emphasizes this consideration. In addition, the 
extensive epidemiologic study in the dyestuffs industry con- 
ducted by Case failed to eliminate an active role for l-&A 
as a human biadder carcinogen@ 

(7) beta-Eaphthylamine 

beta-Naphthylamine (2-NA) was demonstrated to induce 
cancer of the urinary bladder in dogs, rhesus monkeys al-2 
hamsters. Tumors were induced in other organs of rats and 
mice exposed to 2-NA althoilgh attempts at tumor induction in 
rabbits was unsuccessful, Epidemiologic investigations of 
worker populations exposed to 2-NA clearly demonstrates that 
this substance is carcinogenic in humans. 

(8) 4-Nitrobiphenvl 

Bec.3use of the structural similarity of 4-Aminodiphenyl 
to 4-Xitrobiphenyl and the experimental evidence for Ln vivo 
formation of 4-Aminodiphenyl from 4-Nitrobiphenyl, the 
epidemioZ.ogic investigations published by Me!ict et al. and 
by Koss et al. are of special significance. These studies 
have demonstrated the _aotential of 4-Aininodiphenyl to induce 
urinary bladder cancer in humans. The case of thr earcino- 
genicity of 4-Nitrobiphenyl is strongly supported by the 
induction cf urinary bladder cancer in dogs, the evidence 
that 4-Nitrobiphenyl is metabolized, in vivo, to 4-Amino- 
diphenyl (a highly carcinog.?nic aromatic amine), and the 
possibility that the cases of human urinary bladder cancer 
attributed by Melick et al. to 4-Aminodiphenyl only, may 
have been induced by exposure to 4-Nitrobiphenyl as well. 

(9) N-Nitrosodimethvlarnine 

The carcinogenicity of N-Nitrosodimethylamine (D>W) for 
the liver and kidney of the rat has been repeatedly demon- 
strated in experimental studies. In addition, pr inary tumors 
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of the lungs have been 2nduced in rats administered oral 
doses of D,m and inhalaticn of DNN has produced tamers of the 
nas31 area. Other experiarntal animal investigations have 
demonstrated the CZrCi3og-. e-arcity of D.W for the mouse, the 
hamster, the guinea pig, the rabbit and several species of 
fish. in view of this brc2.d spectrum of carcinogenic activ- 
ity in experimental animzzs, DXN must be regarded as pten- 
tially carcinogenic for mzn. 

(10) beta-Propiolactone 

The carcinoyenicity of beta-Propiolactone (BP&) has 
been demonstrated in mice 3~ skin application, subcutaneous 
injection and intrarperito??ai injection. Malignant tumors 
have been induced in rats by subcutaneous injection, intra- 
tracheal a&ministration, ?:;3 intragastric feeding. Skin 
application to haz?sters induced a very high incidence of 
skin tumors. Although epiZccioloyic evidence demonstrating 
BPL to possess a carcinogenic potential for humans is not 
available, the weight of the experimental animal data 
indicates that BPL is also .? carcinogen in humans. 

(11) bis(Chloroaethy1) eth*:r - 

Investigations with exprimental animals (mice and rats) 
have demonstrated that bis(Chloromethy1) ether (BCXE) is a 
very hazardous carcinogenic squbstance. Skin application or 
subcutaneous injection of experimental animals has resulted 
in malignant lesioxs at the site of application or injection 
and in malignant tumors of the lungs. Of significance was the 
demonstration that f ppm or 0.1 ppm of BCME in air, induced 
lung czncer in mice or rats. Epidemiologic investigations 
conducted separately by the National institute for Occupa- 
tional Safety and Health and others demonstrated that 
cmplcyee exposure to BCME is extremely hazardous with a 
high probability of lung cznccr. 

(12) hloromethyl Xethyl ether 

The results cf investi gations with experimental animals 
exposed to commercial grades of Chloromethyl methyl ether 
(CRVE] have been inconclusive regarding the carcinogenicity 

of this substance because cf contamination by small concen- 
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trations of the highly carcinogenic bis- derivative-bis 
(Chloromethyf)ether. However, experimental animal investi- 

gations involving chemically prarified CPPLE: have demonstrated 
that this substance possesses a carcinogtnic potential. 

Epidemiologic investigations reported in 1972 and 1973 
strongly implicated as= as a human carcinogen, although 
concomitant exposure to BCME cannot be discounted. 

(13) 4,3'-~ethylenc-bis(2-chloroanilinc) 

The results of experimental animal studies involving 
ya< .s r+nci mice, as reprted by three different groups of 
in=.*cstlgators, have clearly demonstrated a carcinogenic 
p>tef\tial for 4,4’ -Methy.l.ene-bis (2-chloroaniline). The 
results of two industrial. studies involving workers exposed 
to 4,4' -XethylerE-bis(2-chl oroaniline) were not definitive 
and cannot be relied upon to assess the hazards of occupa- 
tional exposure to this substance, although one of the 
studies reported that several exposed workers developed 
htztaturia. 

(141 Ethvleneimine 

The carcinogenic potential of ethyleneimine (EI) has 
been confirmed by a study conducted bag Walpolc in 1954 in- 
volving rats and one sponsored by the National Cancer 
Institute involving mice. In the first study. animals 
developed injection site sarcomas which the investigators 
sttriSuted to the direct action of Ethyleneimine, and in 
the second study 80 percent of the animals developed tumors, 
including more than one-half with hepatomas (which the in- 
vtstigators stated had "malignant potentiality") and almost 
three-quarters with pulmonary t-umors. Although high doses 
of EI were administered, the investigators stated there was 
no way to predict w?lether man would be more or less sus- 
ceptible to tumor induction by El. 

The case for the carcinogenicity of EI, then, rests on 
the extrapolation to humans of the findings in two separate, 
controlled animal studies. This position is compatible with 
that of NIOSH concerning the prior demonstration of carcino- 
gcnicity in at least two animal studies. 
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SELECTFD EXTRACTS ON HVL!A AS TAKEN FROM 

0SHA"S ENViRONMENTAL IMPACT STATEFIENT 

Trade Names 

"rKZ?CA" (DuPont) 
"L D-813" (DuPont-liquid) 
"Curene 442" (Anderson Development Company) 
"Cyanaset M" (American Cyanamid) 

3,3 '-Dichloro-4,4'-diainodiphenylmethane 
4,4'-methylene bis (2-chloroaniline), methylene-bis- 

ortho-chloroaniline 

Description 

Yellox to light gray-tan pellets which melt at approxi- 
mately 220 F, Also available in liquid form. This corn&pound 
shows the general toxicity characteristics common to aromatic 
amines and may produce cyanosis* if ingested. It is a proven 
carcinogen in rats. 

Source 

The three major manufacturers of 4,4'-mechyiene ,&is)-2- 
chloroaniline are DuPont, Anderson Development Company and 
Nixon and Cox (United Xingdom). The major suppliers in the 
United States are DuPont, Anderson Development, and American 
Cyanamid. 

Quantities Produced 

Estimated U.S. production during 1972: 

solid pellets ........... ..4.7 million lbs. 
liquid .................... 2.0 million lbs. 
export sales (solid) ...... .6 million lbs. 

Estimated total 7.3 million Ibs, 

*Cyanosis is a bluish or purplish discoloration of the 
skin due to deficient oxygenation of the blood. 
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U.S. sales in 1972 were in excess of 8.7 million dollars. 

Number of Employees Potentiallv Exposed 

It is impossible to develop a precise estimate of the 
number of employees exposed since: 

a) the number of firms involved is large and the 
firms vary in size and type of operation 

b) most firms have not yet reprted their use of 
the chemical as required under subsection (e) 
of the Emergency Temporary Standard (38 FR 1092a) 

?hirty-eight firms have reported a total of 382 employees 
potentially exposed. 

used on the data currently available, between 2,000 
and 25,000 employees are estimated to be exposed to this 
s::bstdnce I with a best guess of approximately 10,000. 

DuFont describes "MCCA" as a hindered, aromatic diamine 
which: 

-has good vulcan&ate properties and a convenient work- 
ing life with liquid urethane elastomers. 

-provides a curing system for liquid urethane polymer 
blends 

-is an effective curing agent for epoxy resins. 

'fMDCA" has thyee characteristics which account for its 
broad use: 1, It melts at a convenient temperature (212-228* 
F) 2. It has a reactivity rate which permits adequate mixing 
time with liquid polymers befcre setting, and 3. It provides 
an Tlnusually good mix of desirable physical properties in 
the final products. 

The major use of "M3CA" is to produce approximately 32 
million pounds of solid elastomeric parts (approximately 
14:o ".':OCA" ) . 

A s;naller quantity (in liquid form) is used to produce 
approximately 150 million pounds of cross-linked urethane foam, 
as is used in automotive seating and daskoard safety Fads. 

17 
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users 

Between 800 and 1,800 firms use this compound to manu- 
facture a large variety of products. Users include many 
small firms as well as some of the largest firms in the 
United States. The Office of Standards has specifically 
identified approximately 120 users of 4,4'-methylene (bis)- 
2-chloroaniline. 

DuPont response to the Draft Environmental Impact State- 
ment of May 3, 1973 identifies specific uses and users of 
"MQCA," including the following: 

1. ;G.litary 

Ball seals on nuclear submarines, underwater listening 
device encapsulation, Navy warship gun mounts, protection of 
jet engine turbine blades, protective covers for eqLlipment 
in rsdar systems, and components of nuclear weapons. 

2. Industrial 

Rollers used in the steel fabricating and plywood 
industries, components in home appliances such as washing 
machines and dryers, automobile components, wheels for 
forklift trucks, urethane shoe sole,;, and many others. 

3. Specific firms 

Several firms were identified that would be signifi- 
cantly impacted by the unavailability of "MOCA" cured parts. 

a) Ford facilities for the prodilction of off-the-road 
equipment could be shut down 20-30 weeks while develop- 
ing alternate engineering and retooling. 

b) Polaroid, Xerox, IB?! and Eastman Kodak utilize 
small rollers and drive belts in cameras, computers, 
and reproduction equipment. 

c) Boeing Vertol uses "ECK!A" urethane dies for heli- 
copter part metal foaming. 
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*@St of Cmliance 

A preliminary estimate in dicates that the equipment 
necessary to completely enclose and automate a typical oper- 
ation (prodxtion of solid elastomeric parts) is available 

. for less than $lS,Of30.* (A major supplier is considering 
mudification of his shipping ~5.: -tainer so that material can 
be transferred from the contaker to this type of system 
without rewiring an employee to completely open the con- 
tainer). 

A firm reporting under subsection (e) of the Emergency 
Temporary Standard has stated that they have applied for a 
Srall Suslness Administraticn loan to meet the cost of a 
new nanufacturing facility. Jhans of this type are specifi- 
cally provided fc in the Occuwtional Safety and Health Act 
of 197c). 

The Polyurethane Manufacturzrs Association stated in May 
1973 that approximately 40 szall firms have discontinued 
their operations involving 4,4' -methylene (his)-Z-chloroani- 
line. Many of these firms stopped their activities because 
of confusion over exactly what was required for compliance 
with the EZergency Temporary Standard. It is anticipated 
that most {if not all) of these firms will resume their 
activities in light of the Revision of Emergency Temporary 
Standard i33 FR 20074, July 27, 1973) and the grant of an 
Interim Order with respect to the Polyurethane Manufacturers 
Associatix request for a varizzce (38 FR 20127, July 27, 
19731. 

Comments -em 

Developed in the early 1950's, "MWA" was the best of 
several chemicals -which could be used to manufacture strong< 
durable oil resistarrt, resilient elastomeric articles by 
simple liqtiid casting. Because of its desirable character- 
istics, "WCA" came into wid.z Lse. However, the industry 
also became aware of its torzc nature, and of its proven 
cdrcinogenicity in animals. 'E:e major manufacturers have 

*Estimate based on cost of "Flying Wedge," "Quick Melt," 
and "Vacuum Transfer" avail*12 from Advanced Machine Planning, 
Inc. 
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spent in excess of a million dollars in trying to find a 
general substitute for "MOCA." However, the substances 
tested have tui..led out to be expensive, or equally toxic, 
or do not have the same mix of desirable characteristics. 
For example, an alternative to "i4CZA" in some applications 
is 3,3' dichlorobenzidine, another carcinogen. 

A wst push price increase can be expected for "WCA" 
and for "NYL?r" end-product items. The trend toward increased 
use of '"NCA U because of its ease of use will probably 
diminish where substitutes are available and acceptable. 
Since many "MJCA" users are relatively small (in terms of 
capital and facilities), it is probable that increased cost 
of raw material and costs of employee protection will result 
in sow business shut-downs. 
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XLOSH'S HAZARD EEVIEd OF MOCA 

4,4'-Ykthylene-bis(2-chloroanilinc} 

A peliminxy report concerning the carcinogenicity of 
n-ally introduced 4,4 '-methylene-bis(2-chloroaniline)* in 
-.zts was made by Steinhoff and Grundimann -11 in 1969. In 
1?7O thzse two investigators published a more extensive 
i'zpc r 2 of their completed findings. In the later paper the 
toxicity and carcinogenicity of 4,4'-methylene-bis(2-chloro- 
_ 11 I.ine ) was compared with that of 4,4'-diaminodiphenylmcthane 
(XIW) . Both of these compounds are used as hardeners or cur- 
l I-2 -; ager.rs for epoxy resin systems and isocyanate-containing 
pcl~mers. ,2, 4, 7: Although commercial production of 4,4'- 
,I thylcne-his (2-chforoanilinc) began in 1962, [3] 23M has 
>zcn in production for over- 25 years. 14; The investigators 
q*;ste previous work to document the strong toxic effect of 
GX on both rat and human liver as Mel1 as the carcinogenic 
effect err rat liver. Schoental i4.j has also demonstrated 
t?~e carcinogenicity of DDM on the rat liver. An accidental 
acute poisoning episode occured in 1965 in Great Britain ir 
:.~hic% %4 persons -became ill, some seriously, with jaundice 
follci:ing the consul?lption of bread accidentally contaminated 
with DD!8. 5f In general, Steinhoff and Grundmann il and 2j 
considered 4,4'-methylene-bis(2-chloroaniline) to be less 
toxic but more carcinogenic than the non-chlorinated compound, 
DDX * 

In their experiments Steinhoff and Grundmann cl and 21 
maintained fifty l00-day-old Wistar rats (25 male; 25 female) 
on a low protein diet containing 0.1 percent 4,4'-methylene- 
'r;is (2- chloroanilinef for 5UO days. (Acute toxicity tests had 
earlier demonstrated the relative nontoxicity of the CGEP 

pound when all ten experimental animals in the study survived 
either ar. oral or a subcutaneous adminiStration of a sirrgie 
CiOSe Of so00 l.~+@.) Control rats used in the chronic feed- 
ing experiment were maintained on an identical low protein 
diet excluding the test compound. At the termination of the 
SCO-day experimental feeding period (total dose of 27 g/Kg 
bcdy weight) the experimental animals were maintained "I the 

*4,4’ -methylene-bisfz-chloroaniline)Gr 3,3'-dichloro-4,4'- 
diaminodiphenylmethane has been given the registered trade- 
mark, MOCA, by the E. I, du Pent de Nemours & Co., Inc. 
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_ ntrol ci3ce. The avcrzgc life span for male rats was 565 test 
:: ?;'s 8 the average for fenales w3.s 535 test days. The average 
?<L .*,t SP3r; for controls was 733 test da-ys. 

6f the 25 male animals, 23 died with tumors. Twenty-two 
x.im! s had liver tumors and in 7 of these, primary lung 
t!-zxrs (not metastases) occurred also. l%o of the animals with 
11 v e r tumors had lung netastases and one brain metastasy was 
observed. One animal without liver tenors exhibited "mas- 
si5.e tumor permeation" of the l~ungs and benign bladder papil- 
lonas were observed in one animal. The two tumor-free 
arAna1.s exhibited fatty livers with isolated necrosis and 
hemorrhages. 

Of the 25 female ankals, 20 died with tumors. Eighteen 
snhals had liver tumors and in 4 of these animals, three 
also had primary lung tumors (not metastases) and one had 
rxmcary glad tumors. Two animals had lung tumors without 
liver tumors and 9 had benign mammary gland tumors. The 
investigators emphasized that lung tumors in rats are 
relatively rare. Of the 50 control animals only two mam- 
mary fibroadenomas were observed in female rats, although 
the average life span of the controls was longer than that 
of the experimenta&- 

In another set of experiments Steinhoff and Grundmann 
-c- injected 

grade 4,4' 
a suspension of 94 percent pure* technical 

-cethylene-bisf2-chloroaniline) into 34 Wistar 
rats (17 males, 17 females). Subcutaneous injections of 
500 or 1000 mg/Kg body k-eight were administered on the 
order of once a week, or at longer intervals, to a total 
dose of 25 g/Kg body weight. ‘Nenty-two of the 34 animals 
died Xitk; a total of 29 ‘malignant tumcrs. Nine animals had 
liver ccl?. carcinomas which, in all but one such animal, were 
discovered in multiple locations. Primary lung carcinomas 
were formed: in 7 animals with a multi-central distribution 
in 3 animals. In the SQ control animals (25 males, 25 
fEr?S' -es) a total of 13 malignant tumors at different sites 
were disco\-ered, including one lung tumor. No liver tumors 
developed o-cer an average life span of 1040 days compared to 
an average life span of 778 days in experimentals. The 
investigatcrs stated: 
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"'Thus, 3,3'-dichloro-3,4'-diaminodiphenylmethane 
exhibits a definite carcinogenic actlcn in the rat, 
the liver and lungs being the main organs affected, 
even after subcutaneous administration and sufficient 
protein nutrition. However, a greater number of 
liver tumors appear in a shorter time after feeding 
the compound in a low-protein diet." 

In 1972, Sherman and Zapp 7-j presented investigations 
in which rats fed a normal diet, but containing 1OOC ppm of 
4,4'-methylene-bis (2-chloroaniline) e for 18 months sub- 
sequently developed lung tumors with some spreading to the 
pleural cavity. The investigators also observed an in- 
creased incidence of liver tumors. When animals were 
maintained on a low protein diet containing the compound, 
the incidence and malignancy of both liver tumors bales) 
and mammary tumors [females) was found to increase. 

A contemporary paper by the National Cancer Institute 
reports on the work o$ the Weisburgers[8jconcerning the 
carcinogenicity of 4,4'-methylen, --bis(2-chloroaniline) in 
mice and rats. Preliminary studies established the maxi- 
mally tolerated dose of this comwLnd in the diet was 
1000 mg/Kg body weight in rats and 2000 mg/Kg h0C.y weigh3 
in mice. Control animals were maintained on Purina labora- 
tory chow during the chronic feeding investigations while 
equal numbers of experimenta 1 animais (25 male mice: 25 fe- 
male mice: 25 male rats) were dosed at the above levels and 
other groups at half these levels. Tumors observed in ex- 
perimental animals and absent in controls incfuded:hepatomas 
in rats (4/19 effective rats at the high dose and l/22 
effective at the low dose) 1 glioma; 2 adenocarcinomas of 
the lung; 2 gastrointestinal adenocarcinomas: i ear duct 
tumor: 2 tumors of the urinary bladder: and 7 adenomata of 
the‘ lung. 

In female mice, hepatonas were observed in 50 percent 
of the animals at the high dose and 43 percent at the low 
dose. No hepatonas were observed in female control mice. 
In male mice there was no significant difference between 
experinentals and controls concerning the incidence of hepa- 
tomas. Although no vascular tumors (hemangiomas and heman- 
giosarcomas) were found in control mice, such tumors 
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‘Jif !L-c o~bscrvcd in 40 percent of the males and 43 percent of the 
fczsfes receiving the high dose. At the 1.~~ dose 2.3 perceP.t 
of tF.e males and none of the females were observed to develop 
v::sc;lar tumors. Malignant lymphomas which were common in 
coi;rtrsl m.i.ce were not as cczzmon in the experimental animals. 

It is interesting that three independent studies[6 
t'rroagh 8; have reported the developent of lung tumors in 
rats cl:-posed to 4,4 '-methylene-bis(2-chloroaniline). As 
ernshasized by the investigators of two of these studies, 
:6 an2 8jthe rat is not highly susceptible to lung tumor for- 
aation. The influence of diet is known to alter the carcin- 
ogenic potential of various substances and diet apparently 
affects the carcinogenic potential of 4,4'-methylene-bis(2- 
chforoani line], but the results of two studies[? and 8]in 
W-hi& the experimental animals were maintained on a normal 
diet, to which the test substance was added, clearly demon- 
strate that the effect of diet, alone, is not sufficient to 
acco'unt for the oncogenic activity of 4-4'-methylene-bis(2- 
chloroaniline). 

A single plant cohort st-udy involving a group of 31 
employees and an equal number of controls was published by 
I&x% et al [S] in 1971. The length-of exposure of the 
control group *was not specified. When compared to the 
contrcl group no significant findings -were observed utiliz- 
ing the E'sp technique as a screening tool for the early 
identifictition of bladder cancer. 

NeCical records for 178 employees were reviewed for 
evidence of acute illnesses, specific systemic illnesses, 
chronic disease, and malignancy. With the exception of 4 
individuals all individuals in this group had not been 
exposed to 4,4 '-methylene-bis(2-chloroaniline) for the 
last 10 years. In this group the elapsed time since first 
exposure was: 

a) less than 10 years - no employees 
b) from 10 to 15 years - 158 employees 
Cl more than 15 years - 20 employees 

If the assumption is made that, of the group of 158 employees, 
15 years had elapsed since the first exposure, and that no 
exposure had occurred for 10 years, then their total exposure 
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was 5 years. Lkewi se , the total exposure of the group of 
20 employees in which more than 15 years had elapsed since 
first exposure would be a maximum of approximately 2 years. 
Because of the short exposure durations of LA% groups, it 
should not be considered unusual that negative findings were 
reported since the known average latency period for develop- 
ment of occupational bladder cancer is approximately 20 
YCCLIFS. 

The fact that the rate of cancer dea"&s in the plant 
population was better than nat ionai cancer statistics is not 
surprising when consideration is given to the differences 
between the total U.S. population and the able working popu- 
lation of the plant. 

These investigators considered the principal route of 
absorption to be other than respiratory and recommended 
biologic rather than air monitoring as the procedure of 
choice for exposure control. 

Another industrial study involved the finding by Mastro- 
matteo[g]in 1965 that two of six employees, both i. their 
thirties, who had a mixed exposure to 4,4'-methylene+is(2- 
chloroaniline), TDI and several isocyanate-containing resins 
developed urinary frequency with hematuria in addition to 
eye irritation, respiratory irritation with cough and tight- 
ness in the chest. The hematmia can best be related to the 
4,4'-methylene-bis(2-chloroaniline) than to the other sub- 
stances. The author considered the conditions to be mild 
but also considered that expsare to this substance, prima:rily 
by dust inhalation, was the caase of the observed cystitis. 

The results of the experimental animal studies involving 
rats and mice, as reported by three independent groups of 
investigators, [1,2,6,8j clearly demonstrate an active onco- 
genie role f(r 4,4'-methylene-bis(2-chloroaniline). 

The absence of definitive industrial experience with 
only 2 reported studies, c3 and 91 and the positive findings 
in two animal studies by 3 independent investigators, pre- 
clude the elimination of 4,4'-methylene-bis(2-chloroaniline) 
as a human carcinogen. 
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